..... 1- The dissociation of a homonuclear diatomic molecule x 2 in a "heat bath" of an inert monatomic gas M appears to be a simple chemical process x 2 + M -+ X + X + M (1) In recent years extensive experimental data for H 2 , N 2 , o 2 , F 2 , c1 2 , Br 2 , and r 2 in Ar and other noble gases have been obtained, Table I , mostly ·by use of shock tubes. Rate constants k (2) have been observed over a wide range of temperature, and Arrhenius activation energies have been evaluated
E = -R d ln k d(l/T) k :t A exp (-E/RT)
\ An interesting feature of the data is that in each case the (3) activation energy is substantially less than the bond dissociation energy, ~· A number of authors 2 -13 have discussed this phenomenon, and the concensus is that it is a result of a non-equilibrium distribution of reactant molecules 7 ' 12 over excited vibrational states when reaction occurs; but a quantitative, uniform account for all homonuclear diatomic molecules has n~t been given.
b
In this article, we review the experimental data for all seven homonuclear diatomic molecules listed above, and we attempt to set up the simplest theory that, without adjustable parameters,
gives approximately correct values for the rate constants k and that gives an explanation for the "low" activation energies. 'rhis "simplest" theory uses the empirical spectroscopic properties -2-of the reactant, the empirical transport properties of the reactant and catalyst M, and the empirical vibrational relaxation probability ~lO for the diatomic molecule.
A +:irmly entrenched model in many chemists' minds is that the "activation energy" represents a "barrier" between reactants and products, and thus. there is a serious conceptual problem in having the observed activation energy be far less than the endothermicity of the reaction. However, this viewpoint puts the pictorial model (barrier height) ahead of the defining relation, Eq. (3); for, after all, the "activation energy" is just a name for how the rate constant k changes with temperature. If the rate constant, for some reason, increases with temperature less rapidly than expected, then the activation energy will be less than expected.
If one expects the activation energy to be at least the endothermicity of the reaction,and if the rate increases with ~emperature less rapidly than expected because excited vibrational states of the molecules are depleted below the equilibrium value, then the activation energy, Eq. (3), will be less than the endothermicity. This ~ffect is a particularly large one for the dissociation of diatomic molecules.
A purely formal "explanation" for low activation energies is sometimes given, as follows. 
then Eq. ( 3) , the activation ene~gy is E = ~ + m· R'l'
-3-where T is the ave~age temperature over the range of observation. If m is negative, then the activation energy E is less than the dissociation energy ~· If ~ is regarded merely as an empirical parameter, then the invocation of Eqs. (4) and (5) is not an explanation at all, but only another description of the phenomenon.
Experimental Data
The experimental data have been reviewed recently by Troe 14a and Wagner , and our Table 1 is taken largely from their Table I .
Lloyd 14 b has reviewed the data.for fluorine and chlorine. In our Table I we give· the reactant A, for foreign gas M, the temperature range, the observed activation energy E (Eqs.3), the parameter~ (Eq.S), the dissociation energy~' and references for experimental studies of the dissociation of homonuclear diatomic molecules.
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It is readily seen that observed activation energies are far less than bond dissociation energies, and the empirical parameter m is always negative, varying from -0.4 to -4.0. Spectroscopic data, vibrational relaxation times, and hard-spheres collision cross sections (Table II) .!:.1 -~ ·!:.
The rate of de-activation of A from initial state i to final
The rate of dissociation of A from state i to the continuum of free atoms is
The rate of the chemical reaction is then
i=O-!:_ !:.
where t is the "top" bound state of the diatomic molecule A.
The total number of reactant molecules is the sum over all vibrational distribution over vibrational states, we need to solve the simultaneous rate equations 
Upon substitution of Eqs. (9) and (13) With a set of rate constants a .. , b .. , and c., we take as the -~ -E. This first approximation is then -1.
substituted into the right hand side of Eg. (15} to find the second approximation to X. , and the process can be repeated to any 
With this restriction, we use the simplified nomenclature
A further property of harmonic-oscillator spectroscopy is used to evaluate the deactivation rate constant at any level in terms of the deactivation constant between the two lowest levels
From microscopic reversibility, Eq. (16), and from Eq. (19), we obtain a general expres~ion for the activation rate constants (20) where h is Planck's constant and v is the harmonic oscillator vibration frequency. The name "ladder climbing·model" implies that the molecule dissociates only from the top vibrational level, 
( 2 3) a is the hard-:-spheres collision diameter (evaluated from viscosity, for example) , and ll is the reduced mass between A and M. a.
where a > 1 and is the same for all states i. In effect, we assume that dissociation irito the continuum of final states has a larger pre-exponential factor than activation to the single, next higher state.
Eq. (22) •
The value of a can be found from the expression for £t ' With a evaluated from Eq. (22) and with a. obtained from
Eq. (20) , we have a general expression for the dissociation rate
For this model a. and b. are the same as for model I, respectively,
Eq. ( 2 0) and Eq. . .
-~ to be found:
From microscopic reversibility, the activation constants a .. are -.u (29} For H 2 in Ar at 3000°K, the transition probability matrix P .. is
given in reference 1. The dissociation probability vector P. is -1C
given in the same table. Although this model permits all transitions, large changes in vibrational quantum number are of low probability.
It is interesting to note that for quantum levels above the fifth, dissociation· to the dense states of the continuum is more probable than deactivation to the small number of low lying vibrational states. Above the fourth state, dissociation across many quantum states is more probable than activation to the next higher·.state.
The density of final states is an important factor in determining transition rates. 
( 32) (33) (34)
Thus the temperature dependence of all three models is the same
if there is an equilibrium distribution over vibrational states
For the harmonic oscillators, models I and II, the vibrational 
HigJ:l T Low T
The observed activation energies in Table I differ from 0° -o ( 3 7} substantially more than the limits given by Eq. (37 Figure 3 . Calculated curves are given for model I and model III. function.for molecules that react" is given by the product of l'nOle fractions X. and dissociation constant c., and these are given The. depletion of a given state i is caused both by the rapid loss of i states to atoms and by state i being skipped as lower states go directly to atoms. From Figure 4 , we see that at 500°K there are only about 20 effective reaction channels; at 1000°K the number is about 15; and at 2500°K the number is about 7. This decrease in "number of states that react" by virtue of the nonequilibrium distribution at high energies causes the rate constant to increase with temperature less rapidly than expected, and thus the activation en~rgy is lower than expected (see Eq.3).
The observed rate constants for F 2 are shown in Figure 5 with curves calculated by model II and model III. These two models agree fairly well with the data, and they agree so closely with each other that the simpler model II is selected for all further comparisons.
-16-All other cases--By use of the truncated harmonic oscillator model ( Fig. 1 and model II Figure 6A ,B, and c. ----equilibrium distribution; --· non-equilibrium distribution. Note the shrinking number of states that contribute to reaction ~s one goes to high temperatures. 
